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Abstract: PROBLEM TO BE SOLVED: To obtain the subject composition having no potential 
integrated circuit-contaminating substances per se, capable of providing high-speed abrasion, 
and stable and active for a long period after its preparation, by including oxidizing agent(s) and 
catalyst(s). 

SOLUTION: This composition contains (A) at least one kind of oxidizing agent and (B) at least 
one kind of catalyst having multiple oxidative sites. Preferably, the component A has a higher 
electrochemical potential than that necessary for oxidizing the component (B), and is an 
organic per-compound, inorganic per-compound, non-per compound including a bromate, a 
chlorate, an iodate and a cerium (IV) compound, or a mixture thereof, specifically, being about 
0.1-50 wt.% hydrogen peroxide, and the component B is preferably metallic catalyst(s), 
specifically, 0.01 -about 0.5 wt.% ferric nitrate. 
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[»FF»*coS5ia] 

[if** i ] &<Di><D%&ttft^&)ffitiift}QtBmm.i&. 
» : > 1 1 o<o setts* ; R^mtrntLi:^ % 

[If** 2 ] «rlE8WWI^lW3S*«S:S!Mb-r 5 ic#« 

[If** 3] «If5lfMkJW^*»^— fb-^ft (per 
compound) , ««'<~fk'&«J, 3fcW-*J!f » 
XXttBL a*3HfcjBL £t/1ry*A (IV) 

[if**4] i»E»'fta»i^-iaaafe«tt, i8«*. 
** 1-3 o^-r *ta» 1 &<Dit¥ftigm6fmmmmi£ 
[if**s] *rta*{tjHdsfta"c*stu5^*< t b 

O 
II 

Xi— o-o-s-o-x 2 

II 

o 

(R'),, NH . N (R" ) 4 &t>*T/u;t7 y ±1BA 
T-gfc 1-10 X«:-€rtbBl±^r/u^S-C*> V ; tLX 

[If** 6] WO. 5-S2 0wt%O-i@«gS^ 

[If** 7 ] W 1 — W 2 0 w t %<0 2 KH S O s • K 
HS0 4 * K 2 S0 4 £^ti>ff**4 — 6m^:n^l 

[If** 8 ] t O *fc¥tt»«6WF»H 

berimes < 1 t> io(o^^ijor^^^^^ 0 

[If** 9 ] #c<o fc <o & -ft^W«*W«F»ffl 
-f > t ioo«ME&U C/ >'i< > t 1 

[»*«10] WE$*»I#, »H«* =h 

[If**l 1] SfJlESSffl^. #H». < 
^LAyg?, -^n>&, v-^i^ 7yf> 

bigtfixS, 11**8 -1 Q<D\,^k\frl^<n%&f&fy)o 

[it** 1 2 ] mtz^^UK ttSK&fc ( d w 0 ^ ^ 



s>o* if**s-i 1 <?5^-fn^i*coafiic*, . 
[tf**i 3] msa^stSM 5 , t&^-hti'o&zj 94 

11**8—11(0^-^^^1*^*1^^0 
[If** 1 4 ] MKKSaWSttfflE&fc 5S3^f^Y/< 
U> 3 . 0 w t %<0;7^ — /lxK"C*>5!f ** 8 — 

1 1 i^v^fn^ 1 EScoffljS:*o 
[If**l5] SftlEi6'fkS(dS*«Mk*4fe, 

Xficribco^^T*fo5lf**9— .1 4^^fix 

[if** 1 6 ] mttmw^wm 0 . 1 -w 5 0 w t % 
[if** 1 7 ] itrfei^k^w o . 5-isiowt % 

OiS8Srt:*SiT-*>3, ft** 1-7&LF9- 1 6cOV^ 

ixa* 1 *o^sm, 

[If** 1 8 ] W1E««E^^JB«fflE-C*>5 If** l - 

[if**i9] «riEA*ttjs>EAs, ^mtmtL^m^^ 

A g , Co, Cr, Cu, F e , M o s M n , Nb, N 
U Os, Fd N Ru, Sn, Ti, VXIi^tl^^ 
^T'^5lf**l 8C0M^ o 

[if**2o] imiE&Mttai 5 , ^mtrntL^mi-z 

If** 1 9<Dm&«0o 

(if** 2 1] mia*«c^, #awkaffiSr*i-s«R« 
^-ft^ t/ *a«w k-&* a * fe * 5 » & a tf * * *fc 

mx- z> if** 1 — 2 0 <o v 1 *<osajffi* 0 
[if** 2 2] mzm$tmmm2mxhzm^i 

-21^)1/ ^"Ttx^i^ l *OM^£^ 0 
[If**2 3] miEftMflE^, 0. 0 1 -WO. 5w 
t %OM»»2ft-Cfc5!f*3j2 2«fc 
[lf**2 4] WO. 0 0 1— W2. 0wt%<£>«8£ 

Sr^tfW ** 1-22 co^-f 1 *<OffljB8:* 3 
[lf**2 5] WO. 0 0 5— WO. 2wt%(£>«flE 

^^•^lf**l-2 2SO*2 4^)^ftl^l^M 

[if**2 6] ffiiESs-fkjPJ^iaiftfkTk*^*)!?, stJia 
ttis^wo. 01-wo. 5 w t %^eftt«£T'fcaw* 

* 1 — 4 .at/ 9 — 2 4 to V ^n*» 1 *offija«io 

[If** 2 7 ] SffffigfMkSB^-iaBiKgtt-C* ^ , tuts 
tt«t^ s W 0 . 0 5 — W 1 . 0 w t %-co««!9E-cfc5if * 

* 1 — 7&I>*9 — 2 4 cou^-f tL^ 4 1 *(OMs£*o 
[If** 2 8] »wT3F«ttSr*tr!»**l-2 ~ 

•Tftfr 1 *coiIfig4* a 

[If** 2 9 ] Hfr1E-W»W!55'>*< t -t l oco-^ffi^ 
-fk«5-C-fe5!S** 1-28 cO^TtX^)- 1 *<OfflfiSc1*o 

[Ii**3 0] SfT!StfeJI8$(k«l-WBW^, 7'^;t,. 
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Rxfzn%<D&^*^&&fr%m&ti%m#:tM 1-2 

[if 3 1 ] ffilEWBW^^jiiKftftOTKtt^iRa 
"CS> o If#*S 1 — 3 0 <D I ^fn^ 1 *SOfflfiSH& a 

[H*93 2] SME^iMkttWBWa*, tt«5MWfl 

1 . 0 /i hi 5feHT\ ^SffiHSid 5 **] 0 . 4p *«ST- 

0 . 4 0 0 /i m*SlT\ *ffi«^jj!Sj i o m 2 / g — 

2 5 OmVgT?fc5^«L7tfiSU^JR|ft^k»a^&>i 

3 4 ] Mf££FB$t^8 5 nr 2 / g ~8 4 3 0m 2 
/ g^*ffl^Sr^-f~5if^ r I 1—33 <m^i"na> l Jjco 

[If 3 5 ] ffifZWmm*fo 3 0 m 2 / g 1 7 0 
nr 2 / g CO^S^rSr^-T 5 If 1 — 34 OV^iXri* 1 *1 

Kv-y ^Xtat^ — A K7^5 SW*tI 1—3 6 

[if 3 8] ^k<n^(D %-%t?m^M i <^k^M«« 
»«FB^aja« : mmtt ; ; Rxsm 1 . o -8 i 

0. 0 w t%GD, igB&fkzkJf&t)*— iS«a»*ita*fe>a<5« 

*HT*5i:ttt, flfria^ 9 y — &8 o . oi-«o. 

0 5wt%^ffiS2t5r^ lKrlElSg'fk»Ji s — ia-lS£« 
ST-fe^ttfl. «I1E^7 tt»0. 1-80. 5w 

t %<Dv%mm 2 ftttSE&^tPo 

[»#«3 9] ft^tOSr-S-tf-fk^ttaWttSF*^^ 
7!)-:fil. 0-S15. 0wt%O'>!)^;80. 
1-80. 5 w t %(735Bi6*2tttta ; S^JSl 1 . 0- 

[»*«4 0] *<Ot>OS:*trtk*W««6?WF*ffi^ 
7y-:ftl. 0-815. 0wt%OV^j0. 
0 1-^0. 05wt%(Offif2^W;MSl. 

0- 810. o w t %<n^mt7km» 

4 1] S:*tHk¥«J««ttW»JH * 

7i)-:^3. 0—87. 0 w t %<Dis}) 13 ; 8 0 . 0 

1- 80. 0 5wt%^ffigl2^K;MS0. 5 
-8 10. 0 w t%Oi3»fk*»>, tt«Efcfc9a s )2>r 

^<u> i — teSSEfcfc ^ i 54 $4 /<u>- y<o^?u 
[it 4 2 ] y # mmmfo 1 2 0 m 2 / g 

-8 2 0 Or/g Sr*f 5if 3t r f 4 

[Ii**5 4 3 ] 83.0 —8 7 . 0 w t %<£> v y # . 
&t>'8 0.0 1 —8 0 . 0 5 w t %C0ffS»^ 2 SSttSJE- ' 



t , te^fefc 9 8 2 -< ^ u > h — AfejaE&fc 9 8 15 

[if ^rf 4 4 ] &<DXm&<at?'J?ft < t t> 1 OtO^il 

( a ) If 8 , 10 — 14, 18 — 25, 29 — 37 
&l>*4 3CO^m^^liI(7>M^i:, JBl-Y^-VTKt SrS 
I^LT, ^k*»««6WF»ffllWffi{*:*^5Xa ; 

(b) II (a) ^k^ttatSMflF»fflffilE«:>»'fk»] 
£ Srffi-&UT-fk^Wai«&?}WB^^7 ; 

(c) mffi^«c<k*«««ww»ffl^7y--*iifflt- 

[S*Jg4 5 ] ftoI^^^>^< i loto^m 

(a) Sf*3jl — 7JSfcT>'9 — 4 2 0^f^l5(0ft¥ 

(b) «raaa6ff(c:^waaw9F»ffl^7 y— &a«i- 

(c) y<y KSrffiiaaWciWtt^^ Ctf>'<s> K&lffllB 

i»*rs4 6] mmmm^^^^T>^^mm^ . 

(c) TKK, R*a4 4^f3 4 5(0SS o 

4 7 ] WIB*#^Xtc^^ y^o'/xttift 

>m^Jim (c) T?l*<, if*^g4 4— 4 6(OV^ttd* 
1 T£(DjfW:o 

[if 4 8] *co t ^ &^4>-fk^wa*ttflf*ffla 

j5fe^|^/<-/^r — (multi — package s 
y s t e m) : 
( a ) if 8. 10—14, 18 — 25, 29 — 37 
RU<4 3 <D\,^-ttifr 1 rgcoM^Sr-a trW 1 OSS ; X 

(b) aft-fk3HS:*tfW2OS» 0 

[0 0 0 1 ] 

Oc wO-fkajtWa«WW»«ffli«;«rf3:, ^-fc<7>ffi!^<c: 

ffiofk^ttirsvwBWtia^to'frr, *ffl-cfco 3 
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mt&i, < t hi oco«ac, &o<'>^ <tti 

[0 0 0 2] 

iS #] tttSSlc^Hi $ ixr r.O fgffirr * ii. 

Jo co # u^/ufflS»«EOtt^l ic J: o Tffi5l1S^ StL5, 
ffl31fflat«5g»:tt. *l^ii04k««JK (me t 

allization), tgSS,MJl> « 2 O U^/U 
(level) <734fcJRKflt, SO^-iot(j:l3 5 

^k^-r^ (s i o 2 ) ->y 3^s#xtt!?3i^ (w 

ell) ^(75^M«M^S^o7tU-<^SrS^t-^ 

stiffitl:«tt»att, &*««u?ttrr (vias) ci: 

oT^f ^tL5o *H#«FNo. 4 7 8 9 6 4 8 (Z.(Dft^ 

to fr&mtiiWtR Xf&m&m U *: tf T SrflShT £ * ft Sr 
fSHcL-CV^c |ffl«?i*-ftT\ ^««-«3&5 v ^A<4^ 

— as:*c^ v^^^^-CTcS^n, — jstc^t^-^v (t 
^^v^mjitoi; 5 te&mmzs i o 2 idgfta 0 a 

StLfc^rXttlS-Stt^ hfc (b 1 a n k e 

(cmp) H^j:oi:ffM$n^c ASttfc^ftfc^ 

V^T, W^/UFal^^fls: (interlevel die 
lectric) (ILD) £i§o TtSXSMa^ 4 > 
( i i n e s) *TO£tt*«ttS»£^^T*— A' (v 
i a holes) iSxyfy^SnS, 2fct£. WIS I 

l d Jitcs-ffc^* i/Rxf/xn^f>(D£ o 

tia , aaffiffi* HUE tTT * -/uri* * > ^' * -r >T-5E« 
«#]5ftfg (CMP) iCjloT^Ti-n^^tr'T^^/S^tl. 
^SWfTNo. 4 6 7 1 8 5 1 &t>'4 9 4 4 8 3 6 (CBB.^ 



- [0004] Ai!w>i^wtaaw«FS^j£«-^^-c. 

^ft iJ "T - ( c a r r i e r ) 3V ftjfESt^^fso 

[ o o o 5 ] mtz^y y — <Dmj&iz, cMP^f^T'ic 

— a, XffiO^ffi (imperfections),^ 
Pfe (defects) , JBft, S:^rf *Sr*/hic-t"5— * 

if. w*.tf^^>. ^^^>-^i-, #]«$nfe-w«» 

[0 0 0 6] ftSfiiCll CMPI^7UH1 SK-fk 

No.5 2 44 5 2 311 TfdSlfet? ^ f£IRJS 2:6*^ 

^ AXtt**'fk7' >^ !> ASr^tf^ 7 y — SrfS^ It 
V^^ a Y uflC^ib^iWNo. 5 2 0 9 8 1 6 

ilsi'Sr'g-tr^^ y— S:M^L"CV^5a C a d i e n 
e 1 1 e r btlfc^HWI^No. 5 3 4 0 3 7 0 

f3 s ^]0. 1 M^)7i y >T >"fb^ y ^5wt% 

[0 0 0 7] 5fiAf^ItB4CMP^7!J-tt, 

Sr^fk^it, S i 0 2 ^cotfmt4e"3:{k^-ti:1#5o ^ 
[ 0 0 0 8] ^OJ;-)^ ^JKBSftSUi-ffitcffiif. 
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[0 0 0 9] 
[0010] 

lKJH*/»»i-5fc*<0^&] atT^3 0 0 Oppm * 
»«\ CMP^^y— ^OAJRA^JR«Jfe«i^ii¥^as 

[ooii] jek, *&fR<oit¥tmmto&mmm&&> 

[0 0 12] **9!fi£fc, *co*.*(c/>*v^JRS'* 
[0 0 13] Hfc, **93fi, */h<^*6**ttT-#« 

[0014] ft^fr*£Mfe£*i-3te^ 
[ooi5] **wott<Dffli«fi, BMkJH**** m*- 

[0 0 16] Hie, AStlHlK^cofflftQ^:* 
[0 0 17] ioO««l^^t, *38Wtt»{kB»JXt>' 

[0 0 l 8] (l!Lfi0ffi.«*C*j^T, #$gijfltt\ «FBtt\ 

;^iild:ix5#3 l . 0 — #3 10. 0 w t %G0§£fk3'J£r^ 
Wt^-taK«f^^7 y S5SES^t:Sr^ 5 i@ 



0 . 0 5 w t %GD5H&» 2 SIT fEBfe-ffcJPI ^ s — ig 

flS»iaT:-*>5>#rt, y— tto. i-^o. s 

w t 2 ^^"3^o 

[0019] m<Dmm^&^x, *%mn. '>*<&t> 

1 o^»^ISt>^B^k#tffifiO / >*< til o<ottfflE> 

tsmfc SflFSt 5 C M P ft f c *s ^ T * 
[0 0 2 0] X twte 0) !B«tC:fc l^T. 
it lo0^^5r^--f-^£*^-Wg-ro^"ftT"ct> l 9, 

coBMWk #^k*f§£Wi"£'>^< 1 

tfl&*< ^>7K§r/^i~o ^ t ^ J; 9 CMP77 V—ZW 

nt^n^tfc jsfctc. miacMP^7 y— Srinffis 

*U:iS/8U K (pad) & WE** 

[0 0 2 1 ] Ht-te^ffi*(-*3^T, 

Sra^S-f l . 0-fti5. Owt%(73'>!) 

jfio. o'l— «J1. 0wt%O«8»2«, #10. 
5 0 — #*j 10. 0 w t iSBMk7k* % — ifi-litiSaLa 

r> + r. *i e> co ffi-& to h s i$ ^ & m&ti a awksi , ^t>* 

[0 0 2 2 ] £fc. ^k*Ma«65WS^^7 y— 
-rS^iC^Ti^^V^— (multi-pack 
age system) ^M^StlT^^ 

^Stt, t i io(75»ik3»JSr»IXSi"5* l ^ 

[0 0 2 3 ] 

m* Rxfz<Dmtm t m-tto&KM t <oBB^k^SiC §r 

fflfflfiE»(cBai-5 0 ^^k^a«ftWHffll&JB£«?«:. 
v'liayi^ TFT-LCD#7^ift GaAsS 

B35Si"5^?i< fc i loco^JRJiSrWS-f-S^^-K^S 

noo »tc, **wo-fk^w««wwoffl^9 y-tt, 

±^^tj*S»:^, -li, ^4JB/i-fk^W««ttW»^ 

[0024] ^M^cofi^ L^m&omB??^ 
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< t t> l^(Dn&m?^tf&^fri£Xfr^X, #.J1&* 
[0 0 2 5] JBH r^*Ma««)flFBffl^7 y- ( r c 

[0 0 2 6] *«9?<a l ocoffl«tt, WBffli* K*5^T 
^^^tolttXtt-f £ i: * tc*«-c*> 

t*^lT, CMP^7 V— <Pi£WiiM£inZ>k Xf± 

[0027] *«p^(o^^fi9««M«aj«;*tt, «Jffi*fflE 

-fkfflSr^feo Mill ^t7^7M^Fe (II) 
HFe (IIIMc§£ft£n£>#, «*7k*«SJ-»U 

to. 77 iTf^^h x^^^^^m&^T^mitm^^ 

(i) £Cu (ID uiaMfc-rsfcfci^ 
^LT0. 15 3^yuh i*3*:*?i1|;J2Sr»o7t»<t:»J 

[0 0 2 8 ] BMMWtSltt, »* u< ri. «axttt« 

(75 y < — (per— compound) Xfo%o H 
a w 1 e y ' s Condensed Chemica 
1 D i c t i o n a r y $*UJt'<— ft-o^fis 

^<>t)locO/<-t^yI (-O -O -) SrWT 3-fk 

"CfcCo tti oO/n- Th^v'SSrfi-ra (b^ 

(?)Htt, .ig^kyK^LK^como^, CTx-tf^SiaK-ft 
TkSlSO^-*— K iT$i;§§£(k^ P"'lx.ii'<> 



— h\ ^-/^— ^A7i>f h (SO s ") , 

^^ Jvy ^Y (s 5 o 8 -) , ffit/t-iasg-fkt- h y 

-Cti, *S£»t£. ^Agg, 3?*8Sffl, 

a Sr>"iry^^ (IV) ik^s OT*.tf5B»Tv 

-e- ^7 Air y A^^-tTo 

[0029] *t>#* L^is-ftJPirt:, ia»-fk*»&v-e 
^i-j: 5i-^kttso 5 3 ssrW-re-fk^^r-^a : 

[0 0 3 0] 
[ft 2] 

o 
II 

x L — o-o— s— o-x 2 

II 
o 

[0031] (r^t-, x x ^^x 2 

H : , Si (R') 3 , NH 4 . N (R" ) A miT;\s 

% y ±SaA*«X.tfL i , Na, K, ^Tfe 0 

R' ttjS^JR^ft 1-10 ^^^±<7>T/U*/UgT* 

X«^iXib^fl^X% RitfNMe 4 , NBu 4N N 
PiU, NMe B u 3 , NHEt 3 ^tra&O o — 

ja^-cff^L^aao— ia-a£«g*tt, khso 5 . kh 

S0 4 MK 2 S0 4 ^ll^Wt^a 8 

fciirfS h y :7Vt-& (triple salt)^ LT^Q 

[0 0 3 2 ] WIEMjMkffltt. 4»<Oft*6Wl«fi»iffl 

y — c(i*c:, «jo. 0wt%coSalS<O4 

0. 5-^10. 0 w t 

[0033] WE*IBW^'ffc: : ^Wa«M»fiS:*tt> 

(cm^ft^^-ffit^^k^j^fb^is^^'ra ^ >) -c 

K-fb^tlSSr^i"^^*. PlttfAg, Co, Cr, C 
u. Fe.Mo, Mn, Nb, N i . Os, Pd s R 

T>'F e (D ik-&^3£ t>'i- ~ o ^0 (g^ffiX' &> O o 
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dixibt-PKbix^^) (IlX&IIIh (II 

XfiHIK AD^r^kfi, Mk.\i? yftffi. Sft:^, * 

h*— K <z.Aj&&, ^/ua^iSjft, v^^KS. 7 

[0 0 3 4] iffilEttfflEtt, Wffi^^KaaMflFSfflMJS 
8 0. 0 0 1 —8 2 . 0 w t %-C?FfiE L 5 3o 

0. 0 0 5-80. 5wt%tfStO^^LV\ 
«E«ttH iWEMjSft^fC&O. 0 1-80. 05w 

fl?w</i^ gp*>, o. o 5 w t %xfi-ttL*«-e. 

tt^tOjSajSfttf «C»J0. 0 0 5-80. 2 0wt% (fg 
fS*. 8 7 — 8 2 8 0 ppm CO F e ) OgSHOJk-CfiqSEi" 

fj. :ofMif(cS0. 0 5—8 1. 0wt% (Sffi 
^8 7 0 —8 1 4 0 0 ppm CO F e ) <75 j6H£>*~C : i£l£'t" 

[oo3 6] **«oft¥B«*»flFM^7 y-to 

JRas^OffljESM* (composition) 1 0 w 

JRtt«0 7 y -S408 2 -8 3 0 0 0 ppm 

[0037] *5£!^o^t^Ma«ttaajsi»tt, t 
tiooffstrtffl^^ts cmp7 7 y — SrSS5t 

-fi, lit^Kl^l. 0-82 0. 0 wt%3^tix 
P x 7 y — #8 3 . 0 —8 7 . o w t %</>W9WSria ?T 



[0 0 3 8] iWE&«»*fc4»We»tt:, SSt#^SKbn 
X^Zk'AsteJjWi X-mm * ixfc » X J: ^ \ £*SMfc:«> 

A K-> y * Xtt t a-A K7/u ^ M*.Ji, t 

T7f2/S£iv -ecoiSSttrnir^^7>— ^— t-«t 9^ 

[0 0 3 9] tt«SnfcW««"(4, ^Jfeffit-J:*?, Wx. 

[0 0 4 0 ] »^ L^AJRBg-fttett, S. Brunau 
er, P. H. Emmet, andl. Teller,, 
J. Am. Chemica I Soc iety, Vol 
ume 60, 3 0 91 (1 9 3 8) <D^mX\ — i&Ul 
BET>Wn^^tH-Itt, 85m 2 /g-84 3 
0 m2/ g , * U < 148 3 0 .ir/ g -8 1 7 0 oi*/ g CO 

^L<I40. 0 1% (111*), lOOppni) ^St^Oo 

[0041] -off^Lv^flifflHiijo^T, fltrffi^*»'ft: 
0. 4 /x 111 XUfWiSWS^^'c^bi^M^^ 

iS-(k»WIS-W(4, ?log#, fyh^-; (pit m 
a r k s ) % X ^ h ( d i v o t s ) RUWm^<0 



(8) 



!}$f^ipiO-265766 



at. ^sacoyfffi, w^tfaiaa^aaatft item) 

Clo<¥^ffi (average equiva 
lent spherical d i a me t e r) £0 

[0042] f£<7)£r£ l^MS-Wc*^-"^ ffliaAJRBMfc: 

«MJFB*t?i, 1 RS^ilS^ 0. 4^^a> (400n 
m) *iB-C*BSiaMfc 1 0 m 2 / g 2 5 0 m 2 / gtfc 

[0 0 4 3 ] &JS^fc*W*H'tt\ tia^S l 2 0 m 2 

[0044] t < ^jR*'fk»w»*rtt, g>m&t 

KBT^*) 3 4 5 %-c*> <9 , L < ttffl^ l 

o%~2 o%x~h%o ±m^t^(D^m:m^ «e*<£> 

[0 0 4 5] f& co JBfciOWB-* ^ y — fS2jn3«]S\ ¥3£T- 
— icfflUj) X v\ *9JPfiM<C y * h fi, * 

[0 0 4 6] ^^tc^*fflX^ 0 ?#5SSAa»Jtt. #Jl#i 
O gtf t 51 % &f fflfiO gig > # ( C ft i$ \z #<f t i" ^ T- 2b O 5 a 

[0047] *-M^(oa^Xi>^^ y— — o^^yco 
■ n b ^ * t - SS (* £ -J#/£*r o * ij £ A* §r .t> 



[ 0 0 4 8] W^^JEJWtt. *«* (Wx.fi. 

o > #0^ti r ^J ^> ^ CO J£m <D t3 E 
St^tOitoo Mill ffllS r 7^fy|fj tt, T 

[0 0 4 9] LV^^lll^, 7^— /USS, < 

[0 0 5 0] *t»*UV^S»ltt. tt«E*>fcl5*S3 2>f 
*>7t ^ **3 3-T ^<U> ^3 3 . 0 w t /l^ 

[oosi] *«p^^t^fta«wwsffl*a**ttiS!^ 
^ v^-^xv (w> wsaat, .at>'^^^ (td 

[0 0 5 2] ^JSK^iSadcfttt. ^^#(-^J^tl.7tMb 
ds»±tc-t^8t* [ t a ^«»Sn4*xa-S'S^5 9 WIS 

[0053] ^ttL^077Sic,-^ov^r, BuESSiS'ist^ttj*^ 



(9) 



»M ¥10-265766 



fc%ifcj& t LTtt^^. <7)f§f£2r T/u ^ :M3FBtr £ ffi^-*"'** 
[0 0 5 4] l^y^ — 

»SrU-C^-Ct>J:v\ tWitf. Mia* 1 OS»tt«Mk 

[0 0 5 5] Sfta^St5CMP^7y- WCig 

^ i^cMPaaftai^cMP^^y-ttcMP 

MW/^yy-tfeoo wise mp 

[oo56] L^cMPiriffiflcaafiKi*^, s-fbsi* 

$*L*v^^ #IMkfflfc&*1"3'J>fc< £ lo^M 
8ERU :/ > 3 S< £ t> l^^SL ^LT lXte-^ixWi: 

#*jO. 0 5wt%(OH8S2^ MM 



ss -fts'J , Kffi <=o ie * c m p sfiss^ safiJE* £ s^a $ *i 

10 0 



[0 0 5 7 ]*?IP* — ^ (t^ 

<tt#-ss> ft*ftaa«)3ia*»xf4CMP^9y- 

Cft^t 1 XtttH£lJ:^CMP^S:tt5 fl W 
[0 0 5 8 ] 

[0 0 5 9] ^TOW«^M§93<0»£ L^ftf£#L &t>* 

[0 0 6 0] (Ml) »WfcCMP^7y-^ 
tfTsJ-isV*-— CMPic#^£ttf££!¥fffi^5fc# 

— tt, ^^^^^^^S^^-A/^^Tto .5 . Owt 

^AD^7tc SftffiBFJS^7 y — tt, Cabot Corp 
o r a t i o niaotSI^, iiCAB-O-S 
PERSE (R) (DTI^ent^aSCEt:^-^ 

[0061] Rode 1, Inc. SSO.S U B A 5 0 
0/SUBA IV ;*yY*9y9 (pad sta 
ck) fflECMP^7 y — £riS/8 It, J5$*?i 

8 0 0 0 AO^y^f^?^!/ h i 7 ^— /N ™ Sr-fk 
^«a«tttcW»Ufc. IPEC/WESTECH 4 
7 2 CMPI*^^, T^^tl 5 p s i , ^7y~ 
StiSl 5 0mL/#, 7"— ^5$«6 0 r p m, 
V K/^iIS 65 r p mT\ ^P^^fTofCo 

[0 0 6 2 ] («2) MlOj£Caot5oOlS^ 
7jj-^HL, ^^^^^^ji^tCO^T^CMP^ 
9y-ic*f-r5 5B»*2«, &^/XttiS«Mk7K*«^k 

m<nmw$mxm^o ^^^y-fis. owt%o 

[0 0 6 3 ] 



4 3 



(10) 



»BB¥lO-265766 



4 

5 



0 
5 . 
5 . 
5 . 



0'. 
0 

0 . 
0 . 



0 2 
0 5 



2 9 1 

3 8 5 
4 7 2 9 
6 2 14 



fr^LtLX, 5 0 0 0 A/^t-^-AW* Hi 9 *S 
TS^^^^x^iSSSr^fcib-t-o *«*£>ra»* 2«o 

«2] ■ ^ 

Qxone (R) w t % 

1 0. 0 

2 0. 0 

3 10.0 

4 2 0.0 
5 10. 0- 



0. 
0 . 
0 . 
0. 
0. 



[0 0 6 5] («3) ffiKft 2 ftttjK&tf/Xtt-iSfifc 

1 tci£^fc^£;«£oT. 5 0(0^7 y— SrBHSU K 
^Ufc 0 r. co #J tc is ^ T &m Zfifr — iffi «8gi£<7D iK «: , 
DuPon tCiotSiSHtOxone (R)"Cfe 
6. O x o n e (R) tt. h y ^* : 2KHS O s ■ 
KHSO, -K 2 S0 4 fife 1 ?, f5(S5 0 w t ifl 
K»«t?*>5a -<&*?y-*^WiMB2R&tf-ifllK 
Bgtt<73iftK§rKAT<£>*2 ;c7^-f- a 
[0 0 6 6 ] 



0 
2 
0 
0 
2 



W CMPTiRaF (A/^) 
4 3 
2 9 1 
2 6 4 
4 13 
3 3 9 6 



[0 0 6 7 ] *2 tC^SHTV^ <fc 5 Kl, ^SR^-^v^ 

^fy&iB LTV^o 5. 0 w t %CD — ifiWEBe^Rt* 
0. 2 w t 2 ^KM^ Wtfea ^ 7 

C*3] 



[0 0 6 8 ] (#J4) M 1 fCifi^fc^StCSgo-C, ^H 

oOWS*7 y— B»bfco *^7 5-fl 
5. 0 w t t a-A Kv'!) *S:t* L"CV^ OT1B 

^ 3 (C7F-t" 0 
[0 0 6 9] 



1 

2 
3 
4 
5 
6 
7 
8 



M2 



0. 

1 . 

2 . 

3 . 
3. 
3. 
5. 
5 . 
5 . 



w t % 
1 
0 
0 
0 
0 
0 
0 
0 

0 



ffiy«g2etew t % w cm>mm (A/ ft) 



0 . 


2 0 


7 17 


0 . 


0 5 


2 6 9 4 


0 . 


0 2 


3 0 19 


0 . 


0 1 


2 6 0 1 


0 . 


0 2 


3 4 2 0 


0 . 


0 5 


4 7 8 1 


0 . 


0 1 


3 3 7 4 


0 . 


0 2 


4 7 2 9 


0 . 


0 5 


6 2 14 



[0 0 7 0 ] ^3 0 ^V^^V-WSigS 

fi, 0 . 0 5 w t %xntri)lXT- 

[oo"i] (Ms) cmp ^7 y — ^^a^COicOW 

t«4] 



«JB2ftAbOXa { /Xf4— iia** (O x o n e 

(r) ) BMta 1 !^ ^v^*^ wk^w-i»$RMWWS£K 
■c9^w»^7 y— SrwasLK»Lfc. **?y-fi 

[0 0 7 2 ] 



(11) 



!«FM3pio-265766 



^ y 'J — Oxone (R) w t % 



1 


5 . 


0 


0 . 


0 5 


19 2 5 


2 


5 . 


0 


0 . 


1 4 


2 9 2 1 


3 


5 . 


0 


0 . 


2 


3 17 8 


4 


5 . 


0 


0 . 


3 5 


3 4 0 1 


5 


1 0 . 


0 


0 . 


0 3 6 


16 6 1 


6 


1 0 • 


0 


0 . 


2 


3 3 9 6 


7 


1 0 . 


0 


0 . 


5 


3 5 5 5 


8 


1 5 . 


0 


0 . 


0 5 


2 10 7 


9 


1 5 . 


0 


0 . 


3 5 


3 8 2 5 



[0 0 7 3] «4l:SSlfc^^fyCMP^S 

a. CMP* 7 V — l 3 ^— iaR»*^*S:^tSit5- 

[0074] (^j 6 ) ttaoaaxc^Kftsioaasras 

C*5] 



lOCMP^7!J"5:lSU t**Lfco *-* 9 V — 
tt, 5. 0 w t %(D t a-A Kv U ^ It^fCo 

[0 0 7 5] 





sMkafflw t % 


*&$£w t % 


w cmp &m (A/^) 


1 


5.0% H.0o 


28 DDmC u 


14 17 


2 


5. 0% 


70 ppoiC u 
7 DDniF e 


2 13 4 


3 


5. 0% HjO* 


28 ddioA z 


5 6 1 


4 


5. 0% HjO, 


28 ddihF e 


4 7 2 9 


5 


5. 0% Oxone (R) 


560 DPmC u 


10 5 3 


6 


5. 0% Oxone (R) 


700 DpmC u 


6 0 8 


7 


5. 0% Oxone (R) 


280 DDmC u 


3 17 8 


8 


5.0% (NH^S-O^ 


70 DDmC u 


7 12 


9 


5. 0% 

(NH^oCeWO^ 


70 ppmF e 


15 0 1 


1 0 


5. 0%3 vm&K 


70 DomF e 


12 0 3 


1 1 


5. 0% H 2 0 2 , 

1. 0% Oxone (R) 


280 ppmF e 


7 8 4 0 



[0 0 7 6] 14* ^tc&* 7 V —HC. mtm^^^m 

-f%*7})— {M2 V — 3 ; #J3 y — 3 3fc 

0'4) *ca-U-r«ttfc, *L-C*feJSE*3SSr'& ; 6-r5*7 
y— (fl2-^7!I-2 ;H3-^7l)-2) (C^LT 

[0 0 7 7] (-M 7) 2ocoW@;*7 y — 5rfEMU ^ 

TEOSJBJbtCW/T i N/T i &JR«J8l§:Sfi* Lfe 1> 
(0^<b>ioTV^fc a MOTlCOfi(i8 0 0 0AT'ct) 

»6] 

7 7 !i — BfrfKSU (w t %) 



9, TiNi^S$tt4 0 0A"Cfc^ T il^f^tt 
2 5 0 A-CfcoTto #^x-/n-^ W/T i N/T i 

& % 5. 0 w t %<D t n. — A K->y ^^T^WUXV^fCo 
£r* 6 (C^i" 0 3 w t %(DT^ 5 ■^-■WS*fXtJ s 5 . 0 w 

[0 0 7 8] 



mm 



5 %Hn O; 



2 8 ppm F e 



9 0 # 



5 %H 2 0 2 & 
1 % O x o n e 



2 8 Oppm F e 



0f> 



IE! 



[0 0 7 9 ] ^7y-l &t>'2 £/H^TEfnfcWgttfl6 



I 7 OfP 



(12) 



»B*m 0-265766 



9 . jStSW^^y K ( s t u d) atf^-f V ( 1 i 
n e) (Dj^m^m^ (dishing) ^l/^/WiM 
-C*5t><0Tfcofc, Etc, mffiTK«fc*?5PETE 

[0 0 8 0 ] WJ8) C£>{fflW\ Ifc^MWtWWfBfl!* 

6WHMI*7 y— SrfWBiUiio S^^^yHl 5. 
0wt%^>^, 0. 0 2 w t%<73ffi»*2« • (H 
2 O) 9 Aft* 5. 0 w t %OH 2 O z Bfrffcffk J^T<7> 

• - -e* 7 ] 



3 6wt%C0MS2^' (H 2 0) 9 fliS£. 6XS2 8 

■GMJLfc->y*tt, ta-AK^J*^^*^ 
Cabot Corporation ittti 
CAB-O-SPERSE (R) <7?T^IE3ES^"C^5 

[oo8i] ;^5>^7 y - ttw i ojsicffio-caa 

^>^Lfc^^ y — ^^vi^&u i&^^jfi/mx . 

[0 0 8 2] 



8 9 ma® 

9 4 



(A/30 
6 7 0 



9 0 



[0 0 8 3] 



4. 9^^^^^^^^ 


9 3 


16 0 0 


9 0 


6. OW^-f^I/Vr* 


9 1 


2 2 0 0 


9 0 




7 2-8 9- 


2 2 0 0 


9 0 




7 9—85 


2 5 0 0 


9 0 




0 


4 3 0 0 


9 0 


C^3] 


6 B fS»9 
7 fi% 








3 4 5 1 


1 5 0 


0. 5%G9Ti/tTVl£ 


8 4% 


4 0 5 4 


15 0 


■7n 


8 3% 


3 8 0 2 


9 0 



[0 0 8 4 ] rnq><ott*tt, Sc*wsr***T 8 0 * 
«cagMt7k*gtt**U4^ofc^7 y— kise^-c. * 

infect ^^"To 

ca 9 ] 

*y y — h- O.J r/us "Pi 



CabotCorporatio nfiOW-A 3 5 5t 
[0 0 8 6] 



wigs 



(13) 



#M ¥10-265766 



( w t %) 
5 . 0 % 



(w t %) 
3 . 0 % 



0 . 0 2% 



(w t %) 



5 6 6 



0 % 



0 % 



0 . 0 2% 1 % < X. 



10 4 7 



6.0% 3.0% 



0 3 6 % 



0 . 0 9 1 % 



19 4 7 



6.0% 3.0% 



0 3 6 % 



0 . 1 0 6 6 % 
f 1*7 7/U^-C2 

7^ K 



2 4 3 1 



6. 0% 



0% 



0 3 6 % 



0 . 0 4 6 6 % 



2 2 3 6 



[0087] ^9(75^7 U — 2 — 5 IC/T^tl^ J: 9 
[0 0 8 8] **B^S:#!SiJOAtt:^J{cJ:oTffi!BUfc 



[0 0 8 9] iia^Jtt^JRttflESr^i-SCM 



(51) Int. CI. 5 KS'JIE-9- F I 

C 0 9 K 13/06 10 1 C 0 9 K 13/06 10 1 

H 0 1 L 21/304 3 2 1 H01L 21/304 3 2 1 P 

(72)3891* 7'7^7> ^/U. $3.-7 — 

r>y#-&*H, -ryy-^ 60504, 

. B7, ^7-r> b 3235 



(14) 



#SflqZl0-265766 



2. 



3. 



4. 



iLle of the Invent ion 

A Composition and Slurry Useful for Metal Chemical 
Mechanical Pol ishing 
laiias 

A chemical mechanical polishing composition comprising: 

at least one oxidizing agent; and 

it least one catalyst having multiple oxidation sites. 

The chemical mechanical polishing composition of claim 1 wherein the oxidizing 
agent has an electrochemical potential greater than the electro chemical pocentiai 
necessary to oxidize the catalyst. 

The chemical mechanical polishing composition of claims 1 -2 wherein the 
oxidizing agent is an organic per compound, an inorganic per compound, a no.n- 
per compound including broniates, chlorates, chromates, iodates, iodic acid, 
cerium (IV) compounds, and mixtures thereof.. 

, any of to 



The chemical mechanical polishing composition of claims 1-3 wherein the 
oxidizing agent is a monopersulfate, persuifete, peroxide, periodate and mixtures 
thereof 

The chemical mechanical polishing composition of claims 4 wherein the oxidizing 



where X,. X, are each individually H, Si(R*) 3 . NH 4J N(R"), and allcaii earth 
metals such as Li, Na, K; where R' is an alkyl group having from I to 10 or 
more carbon atoms; and wherein R" is H. an aikyi group, an aryl group, or 
mixtures thereof. 




agent includes at least one monopersuifaic having the formula: 



O 

Xl — o-o-s-o-x z 

il 
O 
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6. The chemical mechanical polishing composition of claims 4 or 5 including from 
about 0.5 to about 20 weight percent monopersuifatc. 

7. The chemical mechanical polishing composition ' of claims 4 6* including from 
about 1 to about 20 weight percent 2KHSO s - XHSO4 * K1SO4. 

8. A chemical mechanical polishing precursor composition comprising: 

the product of the mixture of at least one catalyst having multiple oxidation sites 
and at least one stabilizer. 

9. A chemical mechanical polishing composition comprising; 
at least one oxidizing ag«nt; and 

the product of the mixture of at least one catalyst having multiple oxidation sites 
and at least one stabilizer. 

10. The composition of claims 5 or 9 wherein the stabilizer is an organic acid, an 
inorganic acid, a ndtrile, and mixtures thereof. 

any of to 

1 1. The compositiorToTclairns ^10 wherein the stabilizer is selected from the group 
consisting of phosphoric acid, pbthalic acid, citric acid, malonic acid, phosphonic 
acid, oxalic acid, adipic acid, benzonitrile, and mixtures thereof. 

any of to 

12. . The composition of claims Vu" wherein the stabilizer is the adrnbeture of from 

about 0 equivalents per catalyst to about 3 equivalents per catalyst of oxalic acid, 
and from about 0.2 to about 1.0 weight percent adipic acid. 

any of to 

13. The composition of claims Vlt wherein the stabilizer is from about 2 equivalents 
per catalyst to about 1 5 equivalents per catalyst of malonic acid. 
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any of to 

14. The c omposLtio^?^^wh^eiii the stabilizer is from about 3 equivalents 
per catalyst to about 3.0 weight percent phthalic acid. 

v any q[ j .to 

15. The composition of claim Vl4 wherein the oxidizing agent is an organic 
compound, inorganic compound, and mixtures thereof. 

any of to and lo 

16. The eomposutaT^Fc^ oxidising agent is between 
about 0.1 to about 50 weight percent hydrogen peroxide. 

any of to and to 

17. The compositicToTda^ wherein the oxidizing agent is between 
about 0.5 to about 10 weight percent hydrogen peroxide. 

any of to, 

18. The composition of ciaimsTn wherein the catalyst is a metal catalyst. 

IP, The composition of claim IS wherein the metal catalyst is a compound of Ag, Co, 
Or, Cu, Fe, Mo, Mn. Nb, Os. Pd. Ru, Sn, Ti. V and mixtures thereof having 
multiple oxidation states. 

• 20. The composition of claim 19 wherein the metal catalyst is a compound of iron, 
copper, silver, and any combination thereof having multiple oxidation states. 

^anyof^ jn 

21. The composidorTcTc^ 

from the group consisting of inorganic iron compounds and organic iron 
compounds having multiple oxidation states, 
any of to 

22. The composition of clakn^Y^whercin the catalyst is ferric nitrate. 

23. The composition of claim 22 wherein the iron catalyst is between 0.01 to about 
0.5 weight percent ferric nitrate. 
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any of , lo 



including from about 0.001 to about 2.0 weight 



24. The composition ot claims 
percent catalyst. 

vjiny of, to .and 

25. The cornposiuoiTorcli including from about 0.005 to about 0.2 
weight percent catalyst. 

y any of \ o^n d t o 

26. The co™ P osition~o? v &s wherein the oxidizing agent is hydrogen 
peroxide and the catalyst is from about 0.01 to about 0.5 weight percent of an 
iron catalyst. 

any of and to 

27. The composition of claims Vl^y 9^24 wherein the oxidizing agent is 
monopcrsulrate and wherein the catalyst is from about 0.05 to about 1.0 weight 
percent of an iron catalyst 

^any^ of^ to 

28. The composition of ctaimsl*27 which further comprises an abrasive. 

any of to 

29. The c*>mposiuono?^^ wherein the abrasive is at least one metal oxide. 

.any 

30. The compositioToTSaims Tl9 wherein the metal oxide abrasive is selected from 
the group including alumina, ceria, germania, silica, titania, zirconia, and mixtures 
thereof. 

3 1 . The composition of claiins wherein the abrasive is an aqueous dispersion of a 
metal oxide. 

any of to 

32. The composition~c?cJaims ^31 wherein the metal oxide abrasive consists of metal 
oxide aggregates having a size distribution less than about 1.0 micron and a mean 
aggregate diameter less than about 0.4 micron. 

any of to 

33. The composition /o? v da]rns p32 wherein the metal oxide abrasive consists of 
discrete, individual metal oxide spheres having a primary particle diameter less 
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< any of i lo 

34. The compositimTo?diw 1*33 wherein the abrasive h&$ a surface area ranging 



than 0.400 micron and a surface area ranging from about 10 mVg to about 250 
mVg. 

l r 33 ■ 

from about 5 m 2 /g to about 430 mVg. 

yanv of to 

35. The composmon^daims V?4 wherein the abrasive has a surface area of from 
about 30 mVg to about 170 mVg. 

v any ofy (to, 

36. The composition^fS^s W35 wherein the abrasive is precipitated abrasives or 
fumed abrasives. 

. any of to 

37. The compowdoaoFQiml^ wherein the abrasive is precipitated silica, fumed 
silica or fumed alumina. 

3 8. The chemical mechanical polishing composition of claim 1 which comprises: 
an abrasive; 
an iron catalyst; and 

from about 1.0 to about 10.0 weight percent of an oxidizing agent selected from 
the group consisting of hydrogen peroxide and monopersuifatc wherein when the 
oxidizing agent is hydrogen peroxide, then the slurry includes from about 0.01 to 
about 0.Q5 weight percent ferric nitrate and when the oxidizing agent is 
monopersuifatc, then the slurry includes from about 0.1 to about 0.5 weight 
percent ferric nitrate catalyst. 

39. A chemical mechanical polishing slurry comprising: 
from about 1.0 to about 15.0 weight percent silica; 

from about 0.3 to about 0.5 weight percent ferric nitrate catalyst; and from about 
L0 to about 10.0 weight percent monopersulfate. 
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40. A chemical mechanical polishing slurry comprising: 
from about 1.0 to about 15.0 weight percent silica; 

from about 0.01 to about 0.05 weight percent feme nitrate catalyst; and from 
about 1.0 to about 10.0 weight percent hydrogen peroxide. 

41. A chemical mechanical polishing slurry comprising: 
from about 3.0 to about 7.0 weight percent silica; 

from about 0.0 1 to about 0.05 weight percent ferric nitrate cataJyst; and 
the product of the admixture of from about 0.5 to about 10.0 weight percent 
hydrogen peroxide and from about 2 equivalents per catalyst to about 15 
equivalents per catalyst maJoroc acid. 

42. The slurry of claim 41 wherein the silica has a surface area between about 120 
mVg to about 200 m 7 /g. 

43. A chemical mechanical polishing precursor composition comprising an aqueous 
solution of from about 3.0 to about 7.0 weight percent silica, and the product of 
the admixture of from about 0.01 to about 0.05 weight percent ferric nitrate 
catalyst and from about 2 equivalents per catalyst to about 15 equivalents per 
catalyst maJonic acid. 

44. A method for polishing a substrate including at least one metal layer comprising 

> the steps of: V^°I/ V^V \}H^*J 

(a) admixing the composhior^?dairns 3, 1044, 1^25, 2^7^43 and 
detonized water lo give a chemical mechanical polishing precursor; 

(b) admixing the chemical mechanical polishing precursor of step (a) with an 
oxidizing agent to give a chemical mechanical polishing slurry; 

(c) appiying the chemical mechanical polishing slurry to the substrate; and 

(d) removing at least a portion of the metal layer from the substrate by 
bringing a pad into contact with the substrate and moving the pad in 
relation to the substrate. 
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A method for polishing * substrate including at kast one metal layer comprising 
e ,atiy of j v ^°;and 

the steps of: -/ v / 



(a) admixing die chemical mechanical polishing compositions of claims 1 7 
$42 and deionized water to give a chemical mechanical polishing slurry, 

(b) applying the chemical mechanical polishing slurry to the substrate; and 

(c) removing at least a portion of the metal layer from the substrate by 
bringing a pad into contact with the substrate and moving the pad in 
relation to the substrate. 

^any of, ^ Q 

The method~o?daiiri S 44^5 wherein the substrate includes a tungsten containing 
metal layer wherein at least a portion of the tungsten layer is removed in step (c). 



The method ofXlaims W*6 wherein the substrate further includes a titanium 
and/or titanium nitride metai layer wherein at least a portion of the titanium nitride 
layer is removed in step (c). 

A chemical mechanical polishing composition multi-package system 
comprising: vany^oj, ^to . ^ 

(a) a first container comprising the composition of claims 3. 10-14. 18 25, 

v_and' 
29T37 Y^3; and 

(b) a* second container comprising an oxidizing agent. 
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3." Detailed Description of the Invention 

BACKGROUND OF THIE -INVENTION 

1. Field of the Invention 

This invention concerns a chemical mechanical polishing composition including 
at least one oxidizer and a catalyst. The chemical mechanical polishing composition is 
useful alone or in combination with other chemicals and abrasives for polishing metal 
layers and thin-films associated with semiconductor manufacturing. More particularly 
this Invention concerns a chemical mechanical polishing slurry that is especially adapted 
for polishing multiple metal layers and thin-films where one of the layers or films is 
comprised of cungsien and another layer or thin film is comprised of titanium or a 
titanium containing alloy such as titanium nitride. This invention also concerns a 
chemical mechanical polishing composition including at least one oxidizer, at least 
one catalyst, and at least one stabilizer. Finally, this invention relates to a chemical 
mechanical polishing precursor composition which may be later mixed at the point of 
use with an oxidizing agent. 

2- 2>escription of the Related Art 

Integrated circuits are made up of millions of active devices formed in or on a 
silicon substrate. The active devices, which are initially isolated from one another, arc 
united to form functional circuits and components. The devices are interconnected 
through the use of well-known multilevel interconnections. Interconnection structures 
normally have a first layer of metallization, an interconnection layer, a second level of 
metallization, and sometimes a third and subsequent levels of metallization. Interlevel" 
dielectrics such as doped and undoped silicon dioxide (SiO^), arc used to electrically 
isolate the different levels of metallization in a silicon substrate or well. The electrical 
conrjecrions between different uDtcrccnnection levels are made through the use of 
metallized vias. U.S. Patent No. 4,789,648, which is incorporated herein by reference, 
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describes a method for preparing multiple metallized layers and metallized vias in 
insulator films. In a similar maimer, metal contacts are used to form electrical 
connections between tnterconneciioti levels and devices formed in a well. The metal vias 
and contacts are generally filled with tungsten and generally employ an adhesion layer 
such as titanium nitride (TIN) and/or titanium to adhere a metal layer such as a cungsten 
metal layer to SiO^. Ac the contact level, the adhesion layer acts as a diffusion barrier to 
prevent tungsten and SiO* from reacting. 

In one semiconductor manufacturing process, metallized vias or contacts are 
formed by a blanket tungsten deposition followed by a chemical mechanical polish 
(CMP) step. In a typical process, via holes are etched through an interlevel dielectric 
(TLD) to interconnection lines or to a semiconductor substrate. Next, a thin adhesion . 
layer such as titanium nitride and/or titanium is generally formed over the ILD and is 
directed into the etched via hole. -Then, a tungsten film is blanket deposited over the 
adhesion layer and into the via. The deposition is continued until the via hole is filled- 
with tungsten. Finally, the excess melal is removed by chemical mechanical polishing 
(CMP) to form metal vias. Processes for rnanufacturing and/or CMP of ILD's are 
disclosed in U.S. Patent Nos. 4,671, SSI, 4,910,155 and 4,944,836. 

In a typical chemical mechanical polishing process, the substrate is placed in 
direct contact with a rotating polishing pad. A carrier applies pressure against the 
backside of the substrate. During the polishing process, the pad and table are rotated 
' while a downward force is maintained against the substrate back. An abrasive and 
chemically reactive solution, commonly referred to as a 'slurry" is deposited onto :he 
pad during polishing. The slurry inirjares the polishing process by chemically reacting 
with the film being polished. The polishing process is -facilitated by the rotational 
movement of the pad relative to the substrate as slurry is provided to the wafer/pad 
interface. Polishing is continued in this manner until the desired film on the insulator is 
removed. 

The slurry composition is an important factor in the CMP step. Depending on 
the choice of the oxidizing agent, the abrasive, and other useful additives, the polishing 
slurry can be tailored to provide effective polishing to metal layers at desired polishing 
rates while minimizing surface imperfections, defects, corrosion, and erosion. 
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Furthermore, the polishing slurry may be used to provide controlled polishing 
' seieenvities to other chin- Dim materials used in current integrated circuit technology such 
as ritaiihirri, titanium nitride and the like. 

Typically CMP polishing ■ slurries contain an abrasive material, 5uch as silica or 
alumina, suspended in an oxidizing, aqueous medium. For example, U.S. patent No. 
5,244,523 to Yu ct al. reports a slurry containing alumina, hydrogen peroxide, and either 
potassium or ammonium hydroxide chat is useful to remove tungsten at predictable rates 
with little removal of the underlying insulating layer. U.S. Patent 5,209,816 to Yu ct al. 
discloses a slurry comprising perchloric acid, hydrogen peroxide and a solid abrasive 
material in an aqueous medium. U.S. Patent 5,340,370 to Cadien and Feller discloses a 
tungsten polishing slurry comprising approximately* 0.1M potassium ferricyanide, 
approximately 5 weight percent silica and potassium acetate. Acetic acid is added to 
buffer the pH at approximately 3.5. 

Most of the currendy available CMP slurries contain large concentrations of 
dissolved, ionic metallic components. As a result, the polished substrates can become 
contaminated by the adsorption of charged species into the inter layers. These species can 
migrate and change the electrical properties of the devices at gates and contacts and 
change the dielectric properties of the SiO^ layers. These changes may reduce the 
reliability of the integrated circuits with time. Therefore, it is desirable to expose the 
wafer only to high purity chemicals with very low concentrations of mobile metallic ions. 

Known, non-metallic oxidizers suffer from typically low tungsten polishing rates. 
Because it is difficult to polish the tungsten at a high rate, the polishing step must.be 
lengthened to remove the last traces of the deposited tungsten layer. Lengthening the 
polishing step exposes layers, such as SXX, to overpolisbing and to undesirable erosion. 
This erosion makes it more difficult to print high resolution lines during subsequent 
photolithography steps increasing the number of wafer failures. In addition, lengthened 
polishing steps reduce the throughput of an 1C fabrication plant and increase the cost of 
the resulting IC. 

A new CMP slurry is, therefore, required that is both essentially free of potential 
integrated circuit contaminants and that polishes at high rates. In addidon, a new CMP 
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slurry and composition is needed thai remains stable and active long after the 
compositions and slurry is prepared. 

.gTTVfM'A'RY OF TBTR INVENTION 

The present invention is directed to a single chemical mechanical polishing 
composition that is essentially meLal free in that it will generally include less than about 
3000 ppm of metals or metal ions. Such a metal free chemical mechanical polishing 
composition will produce polished substrates with fewer defects that are generally 
attributed to the presence of meUls and metal contaminants in CMP slurries. 

In addition, the chemical mechanical polishing composition of this invention is 
able to polish tungsten, titanium, and titanium nitride layers at high rates. 

This invention is also a chemical mechanical polishing composition that presents 
fewer disposal problems due to its very low metals content. 

In addition, this invention is a state-of-the-art chemical mechanical polishing 
composition that is able to polish tungsten at very high rates with minimal impurity 
defects and that can be easily disposed of once used. 

This invention is also a chemical mechanical polishing slurry and composition 
that has a long shelf life. 

Another aspect of this invention is a chemical mechanical polishing precursor 
composition that lacks an oxidizing agent and is later combined with an oxidizing agent 
prior to use to give a useful CMP slurry. 

Furthermore, this invention is directed to methods for using the chemical 
mechanical polishing composition of this invention in a slurry to polish a plurality of 
metal layers in an integrated circuit. 

Id one embodiment, this invention is a chemical mechanical polishing 
composition comprising an oxidizing agent and at least one catalyst having multiple 
oxidation states* 

Tn another embodiment, this invention is a chemical mechanical polishing 
slurry comprising an abrasive, ferric nitrate, and from about 1.0 to about 10.0 
weight percent of an oxidizing agent selected from the group consisting of hydrogen 
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peroxide and monopersulfate. When the oxidizing agent is hydrogen peroxide, then 
the slurry includes from about 0.01 to about 0.05 weight percent ferric nitrate. 
When the oxidizing agent is monopersulfate, then the slurry includes from 0.1 to 
about 0.5 weight percent ferric nitrate. 

In another embodiment, this invention is a chemical mechanical composition 
including at least one oxidizing agent and the product of the mixture of at least one 
catalyst having multiple oxidation states and at least one stabilizer. The composition 
is most useful in CMP methods for polishing substrates comprising tungsten. 

In still another embodiment, this invention is a method for polishing a 
substrate, including at least one metal Layer, comprising the steps of preparing CMP 
slurry by admixing at least one abrasive, at least one oxidizing agent, at least one 
catalyst having multiple oxidation states and deionized water. Next, the CMP slurry 
is applied to the substrate, and at least a portion of the metal layer is removed from 
the substrate by bringing a pad into contact with the substrate. In this embodiment, 
the CMP precursor composition described herein may also be utilized. 

In yec another embodiment, this invention is a method for polishing a 
substrate including a tungsten layer. The method is accomplished by preparing a 
CMP slurry by admixing from about 1.0 to about 15.0 weight percent silica, from 
about 0.01 to about 1.0 weight percent ferric nitrate, from about 0.50 to about 10.0 
weight percent of" an oxidizing agent selected from the group consisting of hydrogen 
peroxide, monopersulfatcs and mixtures thereof, and dcionized water. Next, the 
chemical mechanical polishing slurry is applied to the substrate, and at least a portion 
of die tungsten layer is removed from the substrate by oringing a pad into contact 
with the substrate and moving the pad in relation to the substrate. 

Also disclosed is a multi-package system useful for preparing a chemical 
mechanical polishing slurry. The multiple package system includes a first container 
comprising at least one oxidizing agent and a second container comprising at least 
one catalyst having multiple oxidation states. 



1 2 



(26) 



»M¥l0-265766 



ITESCRIFTTON' OF THE PTTRRENT TTMBODlM&Vr 

The present invention relate to a chemical mechanical polishing composition 
that comprises at least one oxidizer and it least one catalyst that promotes a chemical 
reaction between the oxidizer and a substrate metal Layer. The chemical mechanical 
polishing composition is used to polish at least one metal layer associated with a 
substrate selected from the group including silicon substrates, TFT-LCD glass 
substrates, GaAs substrates, and other substrates associated with integrated circuits, 
thin films, multiple level semiconductors, and wafers. In particular, the chemical 
mechanical polishing slurry of this invention has been found to exhibit excellent 
polishing performance when used to polish a substrate including one or more layers 
of tungsten, titanium, and titanium nitride in a single step, multiple metal layer 
chemical mechanical polishing. process. 

Before describing the. details of the various preferred embodiments of this 
invention, some of the terms that are used herein will be defined. The "chemical 
mechanical composition" refers to the combination comprising of at least one 
oxidizer and at least one catalyst that may be used in conjunction, with an abrasive 
pad to remove one or more layers of metal from a multiple layer metallization. 

The term chemical mechanical polishing slurry, ("CMP slurry"), refers to 
another useful product of this invention that comprises the chemical mechanical 
composition of this invention and at least one abrasive. The CMP slurry is useful 
for polishing a multiple level metallization which may include but are not limited to 
semi-conductor thin-films, integrated circuit thin-films, and for polishing any other 
films,, surfaces and substrates where CMP processes are useful. 

One aspect of this invention is a chemical mechanical composition comprising 
an oxidizing agent and catalyst that is useful Ln oxidizing metal layers in polishing 
applications. This chemical mechanical composition is useful when incorporated in a 
chemical mechanical polishing slurry to oxidize a metal layer to its corresponding 
oxide or ions. For example, the combination can be used to oxidize tungsten to 
tungsten oxide, aluminum to aluminum oxide and copper to copper oxide. The 
oxidizing agent - catalyst combinations disclosed herein are useful when incorporated 
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into a CMP slurry or when used alone in conjunction with an abrasive pad to polish 
metals and metal based components including tungsten, titanium, titanium nitride, 
copper, aluminum and various mixtures and combinations [hereof. 

The chemical mechanical composition of this invention includes ai least one 
oxidizing agent that has an electrochemical potential greater than the electrochemical 
potential necessary to oxidize Che catalyst. For example an oxidizing agent having a 
potential of greater than 0.771 volts versus normal hydrogen electrode is necessary 
when a hexa aqua iron catalyst is oxidized from Fe(Il) to Fe(UI). If an aqua copper 
complex is used, an oxidizing agent having a potential of greater than 0.153 volts 
versus norma] hydrogen electrode is necessary to oxidize Cu(I) to CU(II). These 
potentials axe for specific complexes only, and may change, as will the useful 
oxidizers, upon the addition of additives such as ligands (completing agents) to the 
compositions of this invention. 

The oxidizing agent is preferably an inorganic or organic per-compound. A 
pcr-compound as defined by Rowley's Condensed CheinicaL Dictionary is a 
compound containing at least one peroxy group (-00-) or a compound containing 
an element in its highest oxidation state. Examples of compounds containing at lease 
one peroxy group include but are not limited to hydrogen peroxide and its adducts 
such as urea hydrogen peroxide and percarbo nates, organic peroxides such as 
benzoyl peroxide, peracetic acid, and di-t-butyl peroxide, monopersulfates (SO s ")„ 
dipersutfates (SiO,"), and sodium peroxide. Examples of compounds containing an 
element in its highest oxidadon state include but are not limited to periodic acid, 
pexiodatc salts, pcrbromic acid, pecbromate salts, perchloric acid, perchloric salts, 
perboric acid, and perborate salts and permanganates. Examples of non-per 
compounds that meet the electrochemical potential requirements include but arc not 
limited to bromates T chlorates, chromates, iodates, iodic acid, and cerium (IV) 
compounds such as ammonium cerium nitrate. 

The most preferred oxidizing agents are hydrogen peroxide and its adducts, 
and monopersulfates. Monopersulfates arc compounds which include the oxidizing 
SOj" group as shown below: 
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where X. and X, arc each individually H lf Si(R'), , NH. f N(R W ) 4 and alkali earth 
metals such as Li, Na, K, and so forth; where R* is an aikyl group having from 1 to 
10 or more carbon acorns, and wherein R" is H, an alky! group, an aryl group, or 
mixtures thereof including, for example, NMe 4 , NBu 4 , NPlv,, NMeBu 3 , NHEt, and 
so forth. One well known and preferred class of monopersul&tes are combinations 
of KHS0 5 , KHS0 4 and K^S0 4 . This combination is known as a triple salt. 

The oxidizing agent may be present in the overall chemical mechanical 
polishing slurry in an amount ranging from about 0.5 to about 50.0 weight percent. 
It is preferred that the oxidizer is present in the slurry in an amount ranging from 
about 0.5 to about 10.0 weight percent. 

The chemicai mechanical composition of this invention includes at least one 
catalyst. The purpose of the catalyst is to transfer electrons from the metal being 
oxidized to the oxidizer (or analogously to transfer electrochemical current from the 
oxidizer to the metal). The catalyst or catalysts chosen may be metallic, non- 
metallic, or a combination thereof and the catalyst must be able to shuffle electrons 
efficiently and rapidly between the oxidizer and metal, substrate surface. Preferably, 
the catalyst is chosen from metal compounds ihat have multiple oxidation states, such 
as but not limited to Ag, Co, Cr f Cu, Fe. Mo, Mn, Nb, Ni, Os, Pd, Ru, Sn, Ti and 
V. The term "multiple oxidation states'* refers to an atom and/or compound that' has 
a valence number that is capable of being augmented as the result of a loss of one or 
more negative charges in the form of electrons. Most preferred metal catalysts are 
compounds of Ag. Cu and Fe and mixtures thereof. Especially preferred are iron 
catalysts such as but not limited to inorganic salts of iron, such as iron (II or UI) 
nitrate, iron (II or III) sulfate, iron (IT or III) halides, including fluorides, chlorides, 
bromides, and iodides, as well as perchlorates. perbromates and periodatcs, and 
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ferric organic iron (II or [IT) compounds such as but not limited to acetates, 
acerylacetonates, citrates, gluconates, oxalates, phthalates, and succinates, and 
mixtures thereof. 

The catalyst may be present in the chemical mechanical polishing composition 
in an amount ranging from about 0.001 to about 2.0 weight percent. Ic is preferred 
that the catalyst will be present in the chemical mechanical polishing composition in 
an amount ranging from about 0.005 to about 0.5 weight percent. It is most 
preferred, that the catalyst will be present in the composition in an amount ranging 
from about 0.0 1 to about 0.05 weight percent. At this preferred catalyst loading 
level, Le.> 0.05 weight percent or less T and when a non-metallic oxidizing agent such 
as hydrogen peroxide, urea hydrogen peroxide or monopersulfate is used, the 
chemical mechanical polishing composition is essentially metal and "metallic ion 
free" in comparison to commercially available ferric nitrate based slurries. 

The amount of catalyst in the chemical mechanical composition of this 
invention may be varied depending upon the oxidizing agent used. When the 
preferred oxidizing agent hydrogen peroxide is used in combination with a preferred 
catalyst such as ferric nitrate, die catalyst will preferably be present in the 
composition in an amount ranging from about 0.0Q5 to about 0.20 weight percent 
(approximately 7 to 2S0 ppm Fe in solution). When the preferred oxidizing agent is 
a triple salt of monopersulfate and a preferred catalyst such as ferric nitrate is used, 
the catalyst will preferably be present in the composition in an amount ranging from 
about 0.05 to about L0 weight percent (approximately 70 to about 1400 ppm Fc in 
solution). 

The concentration ranges of catalyst tn the chemical mechanical polishing 
slurry of this invention are generally reported as a weight percent of the entire 
compound. The use of high molecular weight metal containing compounds that 
comprise only a small percentage by weight of catalyst is well within the scope of 
catalysts in this invention. The term catalyst when used herein also encompasses 
compounds wherein the catalytic metal comprises less than 10% by weight of the 
metal in the composition and wherein the metal catalyst concentration in the CMP 
slurry is from about 2 to about 3000 ppm of the overall slurry weight. 
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.The chemical mechanical composition of this invention may be combined 
with at least one abrasive to produce a CMP slurry. The abrasive is typically a metal 
oxide abrasive. The metal oxide abrasive may be selected from the group including 
alumina, litania, xirconia, germania, silica, ceria and mixtures thereof. The CM? 
slurry of this invention preferably includes from about l.G to about 20.0 weight 
percent or more of an abrasive. It is more preferred, however, that chc CMP slurry 
of this invention includes from about 3.0 to about 7.0 weight percent abrasive. 

The metal oxide abrasive may be produced by any techniques known to those 
skilled in the art. Metal oxide abrasives can be produced using any high temperature 
process such as sol-gel, hydrothcnnal, plasma process, or by processes for 
manufacturing fumed or precipitated metal oxides. -Preferably, the metal oxide is a 
fumed or precipitated abrasive and, more preferably it is a fumed abrasive such as 
fumed silica or fumed alumina. For example, the production of fumed metal oxides 
is a well-known process which involves the hydrolysis of suitable feedstock vapor 
(such as aluminum chloride for an alumina abrasive) in a flame of hydrogen and 
oxygen. Molten particles of roughly spherical shapes are formed in the combustion 
process, the diameters of which are varied through process parameters. These 
molten spheres of alumina or similar oxide, cypically referred to as primary particles, 
fuse with one another by undergoing collisions at d^eir contact pomts to form 
branched, three dimensional chain-like aggregates. The force necessary to break 
aggregates is considerable and often considered irreversible. During cooling .and 
collecting, the aggregates undergo further collision that may result in some 
mechanical entanglement to form agglomerates. Agglomerates are thought to be 
loosely held together by van dcr V/aals forces and can be reversed, i.e., de- 
agglomerated, t>y proper dispersion in a suitable media. 

Precipitated abrasives may be manufactured by conventional techniques such 
as by coagulation of the desired panicles from an aqueous medium under the 
influence of high salt concentrations, acids or other coagulants. The particles axe 
filtered, washed, dried and separated from residues of other reaction products by 
conventional techniques known to those skilled in the art. 
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A preferred metal oxide will have a surface area, as calculated from the 
method of S. Brunauer, P.H. Emmet, and I. Teller, J. Am. Chemical Society, 
Volume 60, Page 309 (1938) and commonly referred to as BET. ranging from about 
5 mVg to about 430 m : /g and preferably from about 30m 2 /g to about 170 m 2 /g. Due 
to stringent purity requirements in the IC industry the preferred metal oxide should 
be of a high purity. High purity means that the total impurity content, from sources 
such as raw material impurities and txace processing contaminants, is typically less 
than \ % and preferably less than 0.01% (i.e., 100 ppm). 

In this preferred embodiment, the metal oxide abrasive consists of metal 
oxide aggregates having a size distribution less than about 1.0 micron, a mean 
aggregate diameter less than about 0.4 micron and a force sufficient to repel and 
overcome the van der Waals forces between abrasive aggregates themselves. Such 
metal oxide abrasive has been found to be effective in minimizing or avoiding 
scratching, pit marks, divots and other surface imperfections during polishing. The 
aggregate size distribution in the present invention may be determined utilizing 
known techniques such as transmission electron microscopy. (TbM) . The mean 
aggregate diameter refers to the average equivalent spherical diameter when using 
TEM image analysis, i.e.,, based on the cross-sectional area of the aggregate. By 
force is meant that either the surface potential or the hydration force of the metal 
oxide particles must be sufficient lo repel and overcome the van der Waals attractive 
forces between the particles. 

in another preferred embodiment, the metal oxide abrasive may consist of 
discrete, individual metal oxide particles having a primary paruclc diameter less than 
0.4 micron (400nm) and a surface area ranging from about 10 m 3 /g to about 250 
mVg. 

k is preferred that the metal oxide abrasive is silica having a surface area of 
from about 120nr7g to about 200rnVg. 

Preferably , the metal oxide abrasive is incorporated into the aqueous medium 
of the polishing slurry as a concentrated aqueous dispersion of metal oxides, which 
concentrated aqueous dispersion of metal oxide abrasives typically ranges from about 
3% to about 45 % solids, and preferably between 10% and 20% solids. The aqueous 
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dispersion of metal oxides may be produced utilizing conventional techniques, such 
as slowly adding the metal oxide abrasive to an appropriate media, for example, 
dcionized water, to form a colloidal dispersion. The dispersion is typically completed 
by subjecting it to high shear mixing conditions known to those skill &d s in the art. 
The pH of the slurry may be adjusted away from the isoelectric point to maximize 
colloidal stability. 

Other well known polishing slurry additives may be incorporated alone or in 
combination into the chemical mechanical polishing slurry of this invention. A non- 
inclusive list is inorganic acids, organic acids, surfactants, alkyl ammonium salts or 
hydroxides, and dispersing agents. 

An additive which may be useful with this invention is one which stabilizes 
the oxidizer in the presence of the metal complex. It is well known that hydrogen 
peroxide is not stable in the presence of many metal ions -without the use of 
stabilizers. For this reason, the CMP composition and slurries of this invention may 
include a stabilizer. Without the stabilizer, the catalyst and the oxidizing agent may 
react in a manner that degrades the oxidizing agent rapidly over time. The addition 
of a stabilizer to compositions of this invention reduces the effectiveness of the 
catalyst. Therefore the choice of the type and amount of stabilizer added to the 
composition is important and has a significant impact on CMP performance. 

The addition of a stabilizer to the compositions and slurries of this invention 
is presently understood to create a stabilizer/catalyst complex that inhibits the catalyst 
from reacting with the oxidizing agent. For purpose of this disclosure the term 
"product of the mixture of at least one cacalyst having multiple oxidation states and 
at least one stabilizer" refers to an admixture of both ingredients as used in a 
composition and slurry whether or not the combination of ingredients forms a 
complex in the end product. 

Useful stabilizers include phosphoric acid, organic acids {e.g., adipic, citric, 
malonic, onhophihaiic, and EDTA), phosphonate compounds, nitriles and other 
Hgands which bind to the metal and reduce its reactivity toward hydrogen peroxide 
decomposition and mixture thereof. The acid stabilizers may be used in their 
conjugate form, e.g., the carboxylate can be used instead of the carboxylic acid. For 
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purposes of this application the term "acid* as it is used to describe useful stabilizers 
also means the conjugate base of the acid stabilizer. For example the term "adipic 
acid" means adipic acid arid its conjugate base. Stabilizers can be used alone or in 
combination and significantly decrease the rate at which oxidizing agents such as 
hydrogen peroxide decomposes. 

Preferred stabilizers include phosphoric acid. phthaJic acid, cleric acid, adipic 
acid, oxalic acid, malonic acid, benzonitrile and mixtures thereof. The preferred 
stabilizers will be added to the compositions and slurries of this invention in an 
amount ranging from about 1 equivalent per catalyst to about 3.0 weight percent or 
more. As used herein, the term "equivalent per catalyst" means one molecule of 
stabilizer per catalyst ion in the composition. For example 2 equivalents per catalyst 
means two molecules of stabilizer for each catalyst ion. 

Most preferred stabilizers include from about 2 equivalents per catalyst to 
about 15 equivalents per catalyst of malonic acid, from about 3 equivalents per 
catalyst to about 3.0 weight percent phthaJic acid, and the combination of from about 
0 equivalents per catalyst to about 3 equivalents per catalyst oxalic acid and from 
about 0.2 to about 1.0 weight percent adipic acid. 

The chemical mechanical polishing composition of this invention has been 
found to have a high tungsten (W) polishing rate as well as good polishing rates 
towards titanium (Ti). In addition, the chemical mechanical polishing composition 
exhibits desirable low polishing rates towards the dielectric insulating layer. 

The composition of this invention may be produced using any techniques 
known to those skilled in the an. In one method, the oxidizing agent and catalyst are 
mixed into the aqueous medium, such as de ionized or distilled water, at pre- 
determined concentrations under low shear conditions until such components are 
completely dissolved in the medium. A concentrated dispersion of the metal oxide 
abrasive, such as fumed silica, is added to the medium and diluted to the desired 
loading level of abrasive in the final CM? slurry. In addition, the catalyst and 
additive such as one or more stabilizers, may be added to the slurry by any method 
that is able to incorporate metal catalytic compounds of this invention in an aqueous 
solution. 
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in another method, the stabilizer and catalyse are admixed to form a complex 
prior to combining the complex with an oxidizing agent such as hydrogen peroxide. 
This may be accomplished by admixing die stabilizer and a metal oxide abrasive 
dispersion to give an abrasive/stabilizer dispersion followed by admixing the catalyst 
with the abrasive/stabilizer dispersion to gnve a catalyst/stabilizer complex in a metal 
oxide dispersion. The oxidizing agent is then added to the admixture. When the 
metal oxide abrasive is alumina, then the stabilizer and catalyst should he admixed to 
form a complex prior to admixing the complex with the alumina abrasive, otherwise 
the catalyst may be rendered ineffective. 

The compositions of the present invention may be supplied as one package 
system (at least one oxidizing agent, at least one .catalyst, optional abrasive, and 
optional additives in a stable aqueous medium). To avoid possible composition 
degradation, however, it is preferred that at least a two package system is used where 
the first package comprises at least one oxidizing agent, and the second package 
comprises at least one catalyst. Optional components* such as an abrasive and any 
optional additives may be placed in either ihe first container, the second container or 
in a third container. Furthermore, the components in the first container or second 
container may be in dry form while the components in the corresponding container 
are in the form of an aqueous dispersion. For example, the first container may 
comprise an oxidizer, such as hydrogen peroxide, in liquid form while the second 
container comprises a catalyst, such a ferric nitrate, in dry form. Alternately, the 
first container may comprise a dry oxidizing agent while the second container may 
comprise an aqueous solution of at least one catalyst. Other two-container, and three 
or more container combinations of the ingredients of the chemical mechanical 
composition and CMP slurry of this invention are within the knowledge of one of 
ordinary skill in the art. 

Due to potential concerns about shipping CMP slurries containing oxidizing 
agents, and especially where hydrogen peroxide is used, it is preferred that the CMP 
composition and CMP slurries of this invention arc prepared and packaged as a CMP 
precursor, shipped to a customer or other point of use, and combined with hydrogen 
peroxide or any other oxidizing agent at the designated facility prior to use. 
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Therefore, a further aspect of this invention is a CMP precursor composition and/or 
slurry comprising one or more ingredients selected from the group including 
catalysts, abrasives, and stabilizers in dry or aqueous form but lacking an oxidizing 
agent. The CMP precursor composition is then combined with at least one oxidizing 
agent and preferably hydrogen peroxide. 

A preferred CMP precursor composition docs not include an oxidizing agent 
but will include the product of the combination of at least one catalyst having 
multiple oxidation, sites and at least one stabilizer with or without one or more 
abrasives. A most preferred CMP precursor composition wiii' not include any 
oxidizing agent and will include from about 3.0 to about 7.0 weigh* percent suica, 
from about 0.01 to about 0.05 weight percent ferric nitrate, and about 2 equivalents per 
catalyst to about 15 equivalents per catalyst of maionic acid. As stated above, the 
oxidizing agent is then mixed with the CMP precursor composition at the point of use. 

A single or multi-package (or multi-container) chemical mechanical 
composition or CMP 1 slurry of this invention may be used with any standard 
polishing equipment appropriate for use on the desired metal layer of the wafer. The 
multi-package system includes one or more CMP components in aqueous or dry 
form in two or more containers. The multi-package system is used by combining the 
components from the various containers in the desired amounts to give a CMP slurry 
comprising at least one oxidizing agent, at least one catalyst, and an optional 
abrasive in amounts described above. 

SXA M TLE 5 

We have discovered that a composition including an oxidizer and a catalyst is 
capable of polishing a multiple metal layer comprising tungsten and titanium at high 
rates while exhibiting an acceptable low polishing rate towards the dielectric layer. 

The following examples illustrate preferred embodiments of this invention as 
well as preferred methods for using compositions of this invention* 



2 2 



(36) 



1#|HI¥lO-265766 



EXAMPLE 1 

Polishing slurries were prepared in order ra evaluate the performance of the 
noting CMP slurries on tungsten wafer CMP. Performance parameters measured 
included tungsten polishing rales. A standard abrasive slurry including 5.0 weight 
percent colloidal silica and deionized water was used for all runs. Various oxidizing 
agents and catalysts were added to the standard abrasive slurry in order to evaluate the 
effect of various CMP slurry compositions on tungsten polishing rates. The polishing 
slurries were prepared by combining appropriate amounts of SCE fumed silica-based 
dispersion manufactured by Cabot Corporation and sold under the trademark CAB-O- 
SPERSE* with the recited amounts of oxidizing agent, catalyst, and, if appropriate, 
additional additives. 

The CMP slurries were applied to chemicaily-mechanically polish tungsten 
blanket wafers having thickness of approximately 8000 A using a SUB A 500/SUBA TV 
pad stack manufactured by Rodei, Inc. The polishing was performed using a 
IPEC/WESTECH 472 CMP tool for one minute at a down force of 5 psi, a slurry flow 
rate of 150 ml/rnin, a able speed of 60 rpm, and a spindle speed of 65 rpm. 



EXAMPLE 2 

Five polishing slurries were prepared according to the method of Example 1 to 
investigate the effect of the addition of a ferric nitrate catalyst, and/or a hydrogen 
peroxide oxidizing agent to a CMP slurry on tungsten rates. Each slurry included 5.0 
wt % finned silica. The concentrations of hydrogen peroxide and ferric nitrate in each 
slurry are indicated in Table 1. 



Tabic 1 



Slurry 


H^Oi wt % 


Ferric Nitrate wt % 


W CMP Rate (A/min) 


1 


0 


0 


43 


2 


0 


0.2 


291 


3 


5.0 


0 


385 


4 


5.0 


0.02 


4729 


5 


5.0 


0.05 


6214 
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As shown in Table 1, the control samples (slurries 1-3) polish tungsten at 
unacceptabiy low rates. In particular, neither hydrogen peroxide alone nor catalytic 
amounts of ferric nitrate alone achieve significant tungsten rates. Slurries 4 and 5, 
however, demonstrate thai when an oxidizing agent and a catalyst are used in 
combination, there is a strong synergistic effect that results in tungsten- rates on the 
order of 5000 A/niin and greater. The addition of catalytic amounts of ferric nitrate to 
hydrogen peroxide (or conversely the addition of hydrogen peroxide to ferric nitrate) 
results in greater than one order of magnitude increase In tungsten rates. 

EXAMPLE 3 

Five polishing slurries were prepared and tested according to the methods set 
forth in Example 1 in order to investigate the effect of the addition of ferric nitrate 
catalyst and/or monopersulfate oxidizing agent to a CMP slurry on tungsten chemical 
mechanical polishing rates. The source of monopersulfate used in this Example is 
OxDne<S) monopcTsuiikte manufactured by DuPont. Oxonc® consists of the triple salt: 
2KHS0 3 • KHS0 4 * K^SO^ and is approximately 50% monopersulfate by weight. Each 
slurry included 5.0 wt % fumed silica. The concentrations of ferric nitrate and 
monopersulfate in the slurries are set forth in Table 2 below. 



Table 2 



Slurry 


Oxonc® wt % 


Ferric nitrate 


W CMP Kate 






vrt % 


AJ rain 


I 


0.0 


0.0 


43 


2 


0.0 


0,2 


291 


3 


10.0 


0.0 


264 


A 


20.0 


0.0 


413 


5 


10.0 


0.2 


3396 



As shown in Table 2, the control samples, (slurries 1-4), polish tungsten at 
unacceptabiy low rates. Slurry 5, a combination of 5.0 wt. % monopersuliate and 0.2 
wt. % ferric nitrate catalyst was able to polish a tungsten layer at a very high rate, once 
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again demonstrating the synergistic affect of combining an electron shuffling catalyst 
with an oxidizing agent that has an electrochemical potential greater than the poteirtial 
necessary to oxidize the catalyst. 

EXAMPLE 4 

Eight polishing slurries, each including varying amounts of hydrogen peroxide 
and ferric nitrate were prepared and tested according to the methods set' forth La 
Example 1. Each slurry included 5.0 wt % fumed silica. The concentrations of ferric 
nitrate and hydrogen peroxide in the slurries are set forth in Table 3 below. 



Table 3 



Slurry 


HaOi wt % 


Ferric Nitrate 

% 


W CMP Rate 
A/min 


1 


0,1 


0.20 


7L7 


2 


1.0 


0.05 


2694 


3 


2,0 


0.02 


3019 


4 


3.0 


0.01 


2601 


5 


3.0 


0.02 


3420 


6 


3.0 


0.05 


47$ 1 


7 


5.0 


0.01 


3374 


3 


5.0 


0.02 


4729 


9 


5.0 


0.05 


6214 



, As shown in Table 3, tungsten polishing rates vary depending upon both the 
. . amount of hydrogen peroxide and the amount of ferric nitrate catalyst in the slurry. 
Furthermore, the results reported in Table 3 also demonstrate that only a very small 
amount of catalyst — 0.05 weight percent or less — is very effective in catalyzing 
tungsten polishing using a CMP slurry comprising hydrogen peroxide. 

EXAMPLES 

Nine polishing slurries were prepared and tested according to the methods set 
forth in Example 1 in order to investigate the effect of varying the amount of ferric 
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nitrate catalyst and/or monopersulfate (Oxope<®) oxidizing agent in a CMP slurry on 
tungsten chemical mechanical polishing rates. Each slurry included 5.0 wt % famed 
silica. The concentrations of ferric nitrate and monopersulfate in the slurries are set 
forth in Table 4 below. 



Tabic 4 



Slurry 




Ferric Nitrate 


W CMP Rate 


wt % 


wt % 


A/min 


1 


5.0 


0.05 


1925 


2 


5.0 


0.14 


2921 


3 


5.0 


0.2 


3178 


4 


5.0 


0.35 


3401 


5 


10.0 


0.036* 


1661 


6 


10.0 


0.2 


3396 


7 


10.0 


0.5 


3555 


8 


15.0 


0.05 


.2107 


9 


15.0 


0.35 


3825 



The results of the tungsten CMP reported in Table 4 demonstrates that varying 
the amount of monopersulfate in the CMP slurry has a lesser effect on tungsten 
polishing rates than varying the amount of catalyst in ihe CMP slurry. 



EXAMPLE 6 

Heven CMP slurries were prepared and tested according to the method set forth 
in Example 1 in order to investigate the effect of varying the catalyst type and oxidizing 
agent type on tungsten chemical mechanical polishing rates. Each slurry included 5.0 
wt % filmed silica. The type and concentrations of catalyst and oxidizing agent used in 
each CMP slurry are set forth in Table 5 below. 
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Tabic 5 



Slurry 


— r 

Oxidizer 




W CMP Rate 
A/ruin 


1 


5.0% H^O* 


28 ppm Cu 


U17 


2 


5.0% HjOv 


70 pprn Cu, 
7 pprn Fe 




3 


5.0V, HiO? 


28 ppm A* 


561 


4 


5.QY« xxiLh 


Xo ppm JT c 


4729 


5 


5.0% Oxone* 


560 ppm Cu 


1053 


6 


5% Oxone"" 


700 pprn As? 


608 


T 


5.0% Oxoae* 


280 ppm Fe 


317S 


a 


5.0% (NHOAOt 


70 ppm Cu 


712 


9 


5.0% 

(NILWIefNOO* 


70 ppm Fe 


1501 


10 


5.0% K-lodate 


70 ppm Fe 


1203 


n 


5.0% HsO,, 1.0% 
Oxone e 


2S0 ppm Fe 


7840 



Each slurry tested exhibited tungsten polishing rates superior to slurries 
including only an oxidizing agent (Example 2 - slurry 3 ; "Example 3 - slurries 3 <& 4) and 
superior to slurries including catalyst alone (Example 2 - slurry 2; Example 3 - slurry 2). 



EXAMPUE 7 

Two polishing slurries were prepared in order to evaluate their performance on 
patterned device wafers. Each wafer consisted of a W/TBOTi metallization deposited 
over a patterned- PETEOS layer. The initial W layer thickness was 8000 A, the TIN 
layer 400 A, and the Ti layer 250 A. Each wafer was polished until the W/TLN/Ti 
metallization was cleared from the entire wafer. The polishing conditions set forth in 
Example 1 were used. Slurries 1 and 2 contained 5.0 weight percent fumed silica. The 
type and concentrations of the catalyst and oxidizing agent used in each slurry are set 
forth in Table 6. A third commercially available slurry including 3 weight percent 
alumina abrasive and 5.0 weight percent ferric nitrite was also evaluated. 
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Table 6 



Slurry 


Oxidizer 
(wt %) 


Catalyst 


Time to Clear 


1 


5% H^Cb 


28 pprnFe 


90 seconds 


2 


5% HaOa <fc 1% 
Oxone* 


2S0 ppm Fe 


70 seconds 


3 


Commercial Slurry - 5 wr % Ferric Nitrate 


170 seconds 



Excellent polishing performance was achieved using slurries 1 and 2. The 
slurries were observed to have high polishing rates on each of the metallization layers, 
resulting In a minimum time to clear the metallization. Both catalyst containing slurries 
exhibited superior performance in comparison to the commercially available slurry. 
Examination of the polished wafers with atomic force* microscope demonstrated that the 
device wafers were successfully pianarized, with acceptable low levels of erosion and 
dishing of srud and line features. Furthermore, the underlying PETEOS layer was 
smooth with no evidence of scratches or pits. 

EXAMPLE 8 

This example demonstrates the enhancement of oxidizing agent longevity caused 
by adding various stabilizers co a chemical mechanical polishing slurry. Two chemical 
mechanical polishing slurries were evaluated. - The first slurry consisted of 5.0 wt % 
silica, 0.02 wt % ferric nitme*(H 3 0>> catalyst, 5.0 wt % H 2 Oi oxidizing agent, the 
amount of stabilizer set forth in Tabic 7 below, and deionized water. The second slurry 
consisted of 5.0 wt % silica, 0,036 wt % ferric nitrate*(H 2 0) ? catalyst, 6 or 8 wt % 
Hi0 T oxidizing agent, the amount of stabilizer set forth in Table 8 below, and deionized 
water. The silica used in both slurries is a filmed silica based dispersion manufactured 
by Cabot Corporation and sold under the trademark CAB-O-SPERSEQP. 

The slurries were prepared and applied to tungsten wafers according to the 
method of example L. The slurries were then aUowed to age for several days after 
which a known amount of the aged slurry was sampled and titrated with potassium 
permanganate to determine the amount of active peroxide remaining. The titration and 
polishing results are reported in Tables 7 and 8 below. 
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Table 7 



Stabilixcr 


% hydrogen peroxide 
remaining after 8 days 


(A/ CD in) 


Silica 
Surface Are* 


LI equrv. paospHonic 
acid 


94 


670 


90 


4.9 cquiv. phosphoric 
acid 


93 


1600 


90 


6.0 equiv. pbtfalic icid 


91 


2200 


90 


3-5 equiv. citric acid 


72-39 


2200 


90 


3*5 cquiv. maJooic acid 


79-35 


2500 


90 


None 


• 0 


4300 


90 



Table S 



Stabiliser 


% bydrogeo peroxide 
remaining after 6 days 


W -polishing 
rate (A/mi a) 


Silica 
Surface Area 


l m A adipic acid 


76% 


3451 


150 


0.5% adipic acid 
1 equrv oxalic acid c 


34% 


4054 


150 


5 equrv tnalonic acid 


2.1% 


3S02 


90 



The results indicate that the hydrogen peroxide activity was maintained in each 
slurry that included a stabilizer in comparison to the slurry containing no stabilizer 
which had no hydrogen peroxide activity after 8 days. The polishing results arc 
acceptable and demonstrate that stabilizers effect the catalyst efficiency of the slurry. 
Therefore, there is a balance between a chemically stable slurry and the high tungsten 
rates that are promoted by the catalystAsxidizuig agent combinations. 

EXAMPLE 9 



Tungsten wafers were polished according to the method of Example i using a 
slurry including an alumina abrasive. The alumina dispersion used in each slurry was 
W-A335 manufactured by Cabot Corporation. The slurry compositions tested and their 
" polishing results are set forth in Table 9, below. 



2 9 



(43) 



4#M¥l0-265766 



Table 9 



Slurry 


(*t %) 


• Alumina 


ferric oiirxte 


Stabilizer 
Ot%) 


W Rate 


1 


s.o% 


3.0% 


0.02% 


None 


3 bo 


2 


5.0% 


3.0% 


0.02% 


1% citric acid 


IQ4.7 


3 


6,0% 


3.0% 


0.036% 


0.091% 
Potassium 
Hydrogen 
Phthalaie 


1947 


4 


6.0% 


3.0% 


0.036% 


0.1066% 
Tetrafluoro 
pinhalaie 


243 L 


5 


6.0% 


3.0% 


0.036% 


0.0466% z 
Makmic Acid 


2236 



As illustrated from slurries 2-5 of Table 9, alumina, when combined with an. oxidizing 
agent and a catalyst stabilizer complex, is effective in polishing a tungsten substrate, 

While the present invention has been described by means of specific 
embodiments, it will be understood that modifications may be made without departing 
from the spirit of the invention. The scope of the invention is. not to be considered as 
limited by the description of the invention set forth in the specification and examples, 
but rather as defined by the following claims. 

For example, although the examples above have described the preparation of 
CMP slurries with metal catalysts, it is to be understood that non-metal catalysts having 
multiple oxidation states may be incorporated into useful CM? compositions and 
slurries of this invention 
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1. Abstract 

A chemical mechanical polishing precursor composition comprising at least one 
catalyst having multiple oxidation states, and at least one stabilizer, the composition 
being useful when admixed with an oxidizing agent prior to use to remove metal layers 
from a substrate. Also disciosed is a chemical mechanical polishing composition 
comprising an oxidizing agent and at least one catalyst having multiple oxidation sites, 
.the composition being useful when combined with, an abrasive or an abrasive pad to 
remove metal layers from a substrate. 

2. Representative Drawing 

iNone 



